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Stabilization of Switched Symmetric Systems
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Abstract—This paper studies the stabilization control syn- Moreover, if B; = --- = By = 0, we get the autonomous
thesis of switched symmetric systems. The main contribution symmetric switched linear system
includes two parts. First, a necessary and sufficient condition
for existence of asymptotic stable output feedback controller of i(t) = A, (t)ac(t) ()
symmetric switched linear systems under arbitrary switching

signal is established. It is also pointed that if the condition The notations to be used in this paper are as follows:
holds, constant controller can be used as well. Next, a sufficient '

. . 1
condition for existence of output feedback controller for given a real matrix\/, the orthogonal complement — is

quadratic stabilizability of switched symmetric systems is defined as the (possibly non-unique) matrix with maximum
established. If there are only two subsystems, this condition is row rank that satisfied/-M = 0 and M+M+T > 0.

also necessary. Hence, M+ can be computed from the singular value

decomposition ofM as follows: M+ = TU] where T

is an arbitrary nonsingular matrix arid, is defined from
As for switched symmetric systems which appear quitéhe singular value decomposition 6f

often in many engineering disciplines(e.g. electrical and S0 VT

power networks, structural systems, viscoelastic materials M = [Uy, Us] [ 01 0 ] [ VlT ] .

and chemical reaction), [5] first investigated the stability 2

and L, gain analysis under arbitrary switching signals. It isgjven a real matrix\/ € ®"*? has full column rank: >

proved that when all the subsystems are stable, the switchgfd the pseudo-inversa/* € R7*" is defined as

system is exponentially stable under arbitrary switching.

Motivated by these analysis work, we try to investigate M*M =1,

the stabilization problem via output feedback for switched ) ) »

symmetric systems. Two problem are considered. One is t]&€ Standard notation (<) is used to denote the positive

output feedback controller synthesis for switched symmetrid€gative) definite ordering of symmetric matrices.

systems under arbitrary switching signals, the other is the L€t V = 1, system (1)-(2) reduces to a common sym-

output feedback controller synthesis for quadratic stabiliZnetric LIT system. K. Tan and K. M. Grigoriadis gave the

I. INTRODUCTION

ability of switched symmetric systems. following basic lemma for the stabilization of symmetric
LTI systems [2].
1. PRELIMINARY Lemma 1: [2]Given a symmetric LTI systerA, B, C),
Consider a switched linear system given by there exists a symmetric output fegdback ma(ﬁ><: GT
such that the closed-loop system is asymptotically stable,
(t) = Appy(t) + Bryu(t) i.e. the matrixA + BGC is Hurwitz stable, if and only if
@
y(t) = Crpy(t) B*ABYT <. (4)

where z(t) € R" is the state vectoru(t) € RP is If this condition is satisfied, all stabilizing symmetric output
the vector of control inputsy(t) € %R? is the vector feedback gaings satisfy
of measured outputs, the right continuous functidn) :
Rt — {1,2,---, N} is the switching signal to be designed
or crea{ted by som}e unknown or n%nd%terministic fur?ction. G < BYAB T (BTAB*T)"'BTA-AIB*T.  (5)
Moreover,r(t) = i implies that the subsyste(;, B;, C;)
is activatedi =1,2,---,N.

System (1) is calledstate-space) symmetyid for any  A. Stabilization Under Arbitrary Switching Signal
i=1,---,N,

IIl. M AIN RESULTS

First, we discuss the stabilization problem under arbitrary
A, =AT ¢, =BT ) switching signal.
L 7 9 L 7
Definition 1: [5] The system (1) is said to be exponen-
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Theorem 1:For system (1)-(2), given any switching sig-where 7 is the time delay in the states(t) is the initial
nal r(t), there exist symmetric output feedbacks= Gy, condition, A; = §,1,,(§; are known scalars), and all the
i =1,---, N such that the closed-loop system other notations are the same as in (1).

i(t) = (Ar@) + BrayGrt)Cr(r)) (1) (6) B. Construction of Stable Switching Signal
Now, we discuss the problem of construction of stable
switching signal for switched symmetric systems.
BfA;B+fT <0,¥i=1,---,N. ) Definition 3: [4] The system (3) is said to be quadratic
. L - o i stabilizable if and only if there exists a positive-definite
If this cond|t|9n is sat!sfled, all stabilizing symmetric outputy -\ tion V(z) = 2TPz, a positve number: and a
feedback gaings; satisfy G; < H;, where switching signalr(t) such that$V(z) < ez”z for all
H; = Bf[A;B*" (B} A;BfT)"'B} A, — A)|BfT (8) trajectories of the system (3).

Proof: Lemma 4:[4] For system (3), if there exist; > 0, i =
(Sufficiency) If the inequalities (7) hold, by Lemma 1, thenl, -, N, ' ; a1 = 1, such that the LTI systen = Ax
we can select symmetric output feedback control laws  is asymptotically stable, wheté = >°7 | a;4;, then there
G,y such that the systems(t) = (A; + B;G;C;)z(t) are  exists a switching signal(t) = r(x(t)), only depended on
asymptotically stable, respectively. Thus, by Lemma 2, theystem state, such that the systéi) = A, .))z(t) is

is exponentially stable if and only if

closed-loop system is exponentially stable. guadratically stable. Moreover, iV = 2, the condition is
(Necessary) It is obvious. m also necessary.
Definition 2: Denote a matrixA = [a;;] € R"*", A is Theorem 2:For system (1)-(2), if there exist; > 0,
said to be strictly diagonally dominant if i=1,---,N, >, a1 = 1, such that the symmetric LTI
n system(A, B, C) satisfied
|au| >Z|alj‘7v’£:17vn (9) BLABLT<O (13)
7 where A = YV @4, B = YN B, andC =

Lemma 3:[1] Let A = AT ¢ R be strictly di-
agonally dominant, if all main diagonal entries df are
positive, then all the eigenvalues dfare real and positive,
i.e. A>0.

Corollary 1: For system (1)-(2), if the inequalities (7) (t) = Ara)) + Bre) GCrwe)(t) (14)

hold, we can found constant symmetric output feedback . -
u = Gy such that the closed-loop system IS quadratically stable. Moreover, ¥ = 2, the condition

is also necessary.

Zfil «a;C;, then there exist a symmetric matrix and a
switching signalr(t) = r(z(t)), only depended on system
state, such that the closed-loop system

i(t) = (Ar@) + BryGCrry)x(t) (10)  Proof:  For system (A,B,C), the condition
. _ B+AB*T < 0 hold, by Lemma 1, there exists a
is exponentially stable. symmetric output feedback matri¢ = G7 such that
Proof: Since the inequalities (7) hold, we can @&t ihe closed-loop systemi(t) = (A + BGC)xz(t) is
for each subsystem an@t; < H,. DenoteH; = H] =  asymptotically stable.Then by Lemma 3, there exists a
[l1,] € RP*P. We can selects = diag(g1,---,gp) SUCh  switching signalr(t) = r(z(t)), only depended on system
that state, such that the system (14) is quadratically stabi.
p
gr < min {hig = by }.¥k=1--.p (11) REFERENCES
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.CC(t) = Ar(t)li(t) + Ar(t)x(t — T) + Br(t)u(t)
z(t) = ¢(t),Vt € [—T,0] (12)
y(t) = Cra(t)
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